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In light of the results from the WMAP three-year sky survey, we study an inflationary model based
on a single-field polynomial potential, with up to quartic terms in the inflaton field. Our analysis is
performed in the context of the Randall-Sundrum II braneworld theory, and we consider both the
high-energy and low-energy (i.e. the standard cosmology case) limits of the theory. We examine
the parameter space of the model, which leads to both large-field and small-field inflationary type
solutions. We conclude that small-field inflation, for a potential with a negative mass square term,
is in general favored by current bounds on the tensor-to-scalar perturbation ratio rs.
PACS numbers: 98.80.-k, 98.80.Cq, 98.80.Es, 04.50.+h
I. INTRODUCTION
Inflation, originally introduced to solve the initial con-
dition problems of standard cosmology (SC) [1], is at
present the favorite paradigm for explaining both the
Cosmic Microwave Background Radiation (CMBR) tem-
perature anisotropies and the initial conditions for struc-
ture formation. Indeed, it is during this epoch of accel-
erated expansion that the primordial density perturba-
tions, which act as seeds for large-structure formation in
the universe, are generated through the amplification of
quantum fluctuations of the field(s) [2]. In the simplest
inflationary models, the energy density of the universe is
dominated by a single scalar field φ, the so-called infla-
ton, that slowly rolls down its self-interaction potential.
The recent publication of the three year results of the
Wilkinson Microwave Anisotropy Probe (WMAP) [3, 4]
continues to support the standard inflationary predic-
tions. WMAP data provides no indication of any sig-
nificant deviations from gaussianity and adiabaticity of
the CMBR power spectrum and suggests that the uni-
verse is spatially flat to within the limits of observa-
tional accuracy. Moreover, it allows for very accurate
constraints on the spectral index; the WMAP three-year
data (WMAP3) yield [4]
ns = 0.951
+0.015
−0.019 , (1)
at 68% confidence level (CL), for vanishing running and
no tensor modes. This result is in agreement with the one
previously obtained in Ref. [5], ns = 0.954± 0.023, using
a joint analysis of the power spectrum of galaxy cluster-
ing measured from the final two-degree field galaxy red-
shift survey (2dfGRS) and a pre-WMAP3 compilation of
measurements of both the temperature power spectrum
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and the temperature-polarization cross-correlation of the
CMBR. A remarkable feature of these results is that the
Harrison-Zel’dovich scale-invariant spectrum seems to be
ruled out at around 3σ level1.
Another feature of WMAP3 data is the evidence for a
significant running of the scalar spectral index [4],
αs = −0.102+0.050−0.043 , (2)
at 68% CL and considering tensor perturbations2. This
evidence was already present in the WMAP1 analysis
[7] and persists when large scale structure data is in-
cluded [4], although it is diluted by the addition of
Lyman-α forest data [8, 9, 10]. We should note how-
ever that zero running is at about 2σ from the central
value and hence WMAP3 does not demand a nonvanish-
ing running. In fact, vanishing running is still a good
fit to the CMBR data, and the improvement of the χ2 is
small (∆χ2 = −3), if running is allowed. Notice also that
if both tensor modes and running are taken into account,
the WMAP team obtained ns = 1.21
+0.13
−0.16 as the best fit
value for the scalar tilt.
On the theoretical side, motivated by developments
in string/M-theory, there has been considerable inter-
est in the so-called braneworld constructions, where the
matter fields are trapped in a lower dimensional brane,
while (in the simplest models) only gravity can propa-
gate into the bulk. Of special interest for cosmology is
the Randall-Sundrum II (RSII) construction [11], con-
sisting of a single brane with positive tension embedded
in a 5-dimensional bulk with a negative cosmological con-
stant (anti-de Sitter spacetime). A remarkable feature of
the RSII brane cosmology (BC) is the modification of
the expansion rate of the universe, H = a˙/a, before the
1 See Ref. [6] for an analysis where the scale-invariant spectrum is
consistent with WMAP3 data.
2 If tensor perturbations are not taken into account slightly less
negative values are obtained.
2nucleosynthesis era [12]. While in standard cosmology
the expansion rate scales with the energy density ρ as
H ∝ √ρ, this dependence becomes H ∝ ρ at very high
energies in brane cosmology. This behavior may have im-
portant consequences on early universe phenomena such
as inflation [13, 14] and the generation of the baryon
asymmetry [15].
In this paper we study the RSII braneworld inflation-
ary period in the light of WMAP3 results, for a single-
field power-law inflaton potential of the form [16]
V (φ) = V0 +
1
2
sm2 φ2 +
1
3
m g˜ φ3 +
1
4
λ˜ φ4 . (3)
Here s = 1 (unbroken symmetry) or s = −1 (broken
symmetry) and m > 0. The parameters λ˜ and g˜ are
dimensionless constants; λ˜ must be positive in order to
ensure the stability of the potential, while g˜ can have
either sign.
This potential has been studied previously in the lit-
erature in the SC context [16, 17, 18, 19] and covers
a wide class of inflationary scenarios: for both spon-
taneously broken and unbroken (negative and positive
mass square term, respectively) potentials one can obtain
small and large-field inflation (hereafter also called new
and chaotic inflationary solutions, respectively). Mono-
mial potentials have already been widely studied both
in standard cosmology (for a recent update following
WMAP3 data see Refs. [6, 20]) and in the braneworld
context [13, 14, 21]; these can be regarded as particular
cases of the one considered here. It is also worth noticing
that potentials of the type we are considering, Eq. (3),
can be obtained as effective potentials in some supergrav-
ity models (for a recent study see Ref. [22]).
The paper is organized as follows. After discussing in
Section II the main features of the inflaton potential, we
briefly review in Section III the slow-roll inflation formal-
ism in the braneworld context. In Section IV we present
and discuss our results. Some final comments and con-
clusions are given in Section V.
II. INFLATION FROM AN EFFECTIVE FIELD
THEORY
The potential of Eq. (3) is the most general renormaliz-
able (power law) potential. Of course, more complicated
single-field potentials can be obtained from low-energy
effective field theories, but the terms in the potential of
Eq. (3) can, in many cases, be regarded as the leading
terms in a power series expansion of such potentials, as
e.g. it is the case of supergravity models. Moreover,
as noticed in the Introduction, this single-field potential
already covers different types of inflationary scenarios,
namely small and large-field inflation.
In view of the stringent limits on the present vac-
uum energy density, a reasonable assumption is to set
the global minimum of the potential to zero. This en-
sures that inflation does not run forever and ends with
a finite number of e-folds. This also fixes the parame-
ter V0 in terms of the potential parameters m, g˜ and λ˜.
One should also notice that the potential has a φ→ −φ,
g˜ → −g˜ symmetry. Thus, in order to explore the param-
eter space it is sufficient to choose a definite sign for g˜.
In our analysis we will consider g˜ ≤ 0 and assume φ to
be positive.
In order to analyze the potential it is useful to redefine
the inflaton field as
ϕ ≡ φ
MP
, (4)
where MP ≃ 2.4 × 1018 GeV is the reduced four-
dimensional Planck mass, and rewrite the potential as
V (ϕ) = m2M2P v(ϕ) , (5)
where the dimensionless part is given by
v(ϕ) = v0 +
1
2
s ϕ2 +
2
3
g ϕ3 +
1
32
λϕ4 , (6)
with
v0 =
V0
m2M2P
, g =
g˜ MP
2m
, λ =
8 λ˜M2P
m2
. (7)
The qualitative behavior of the potential is easily un-
derstood with the determination of the critical points
(maxima, minima or inflection points), obtained from
v′(ϕ) = 0, where the prime denotes the derivative with
respect to the dimensionless field ϕ. There is a critical
point at ϕ0 = 0 and two more possible critical points
(depending on the parameters g and λ) at
ϕ± =
8 |g| ± 2
√
16 g2 − 2 s λ
λ
, (8)
where we are restricting to the case g ≤ 0.
It is easy to see that for s = −1 the potential has
one maximum at ϕ0 = 0 and a global minimum at ϕ+
(there is also a local minimum at ϕ−, which for g = 0
is degenerated with the first one) - see Fig. 1(a). The
parameter g determines the asymmetry of the potential:
the larger its absolute value is, the more asymmetric is
the potential. In this case, one can have both large and
small-field inflation, depending on the initial value of the
inflaton field (cases A and B in Table I).
For s = 1 we can distinguish two cases. If λ ≥ 8g2,
the only critical point of the potential is ϕ0 = 0, corre-
sponding to the minimum of the potential. Once more,
the larger |g| is, the more asymmetric the potential be-
comes [see Fig. 1(b)]. In this case only large-field in-
flation is possible. If λ < 8g2, the potential has three
critical points: one maximum at ϕ− and two minima at
ϕ0 and ϕ+. For λ = 64 g
2/9 the minima are degener-
ated, for λ > 64 g2/9 the global minimum is at ϕ0 and
for λ < 64 g2/9 at ϕ+ [see Fig. 1(c)]. In this parameter
range we can have either small or large-field inflation.
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FIG. 1: The potential of Eq. (6) for the cases discussed in the text. The full (dashed) lines correspond to large (small) field
inflation. The curves correspond to different values of the asymmetry parameter h: (a) h = −0.2, 0, (b) h = −0.8, 0 and (c)
h = −1.15,−
√
9/8,−1.02. We will only consider inflation occurring on the black branches of the potential (cf. Table I).
s h range ϕ range Inflation type Case
−1 h ≤ 0 0 . ϕ < ϕ+ Small-field (a) A
−1 h ≤ 0 ϕ > ϕ+ Large-field (a) B
+1 −1 ≤ h ≤ 0 ϕ > 0 Large-field (b) C
+1 −
√
9/8 ≤ h ≤ −1 0 < ϕ . ϕ− Large-field (c) D
+1 h ≤ −
√
9/8 ϕ− . ϕ < ϕ+ Small-field (c) E
+1 h ≤ −
√
9/8 ϕ > ϕ+ Large-field (c) F
TABLE I: Cases A-F correspond to different ranges of the potential parameters and field values, see Eqs. (6) and (9), leading
to large and small-field inflation. Labels (a)-(c) correspond to the cases shown in Fig. 1.
It is useful to reformulate the previous discussion in
terms of the parameter
h = g
√
8
λ
. (9)
For s = 1 and −1 ≤ h ≤ 0 (we are considering only nega-
tive values of g), the potential has only one minimum at
ϕ0 = 0. In this case only large-field inflation is possible,
corresponding to case C of Table I. For h < −
√
9/8, the
global minimum of the potential is at ϕ+ (and there is
a local minimum at ϕ0 = 0). Both large and small-field
inflation are possible but in order to obtain small-field
inflation, case E of Table I, the initial value of the field
should lie between ϕ− and ϕ+, thus implying a certain
amount of fine-tuning; hence, we will consider only the
large-field case. For the same reason, we will neglect the
range −
√
9/8 < h < −1, where the global minimum
of the potential is at ϕ0 = 0 and there is also a local
minimum at ϕ+, case D of Table I. Notice also that, in
Table I, only the cases where the field rolls towards the
global minimum are taken into consideration.
III. SLOW-ROLL BRANEWORLD INFLATION
We will consider the RSII scenario, where all matter
fields are confined to the brane and, hence, inflation is
driven by a 4D scalar field trapped on the brane. In
this scenario, the detailed form of perturbations pro-
duced by the inflationary potential is modified due to the
modification of the Friedmann equation at high energies
and because gravitational wave perturbations are able
to go into the bulk. In fact, in a cosmological scenario
in which the metric projected onto the brane is a spa-
tially flat Friedmann-Lemaˆıtre-Robertson-Walker model,
the Friedmann equation in 4D acquires an extra term,
becoming [12]
H2 =
1
3M2P
ρ
[
1 +
ρ
2σ˜
]
, (10)
after setting the four-dimensional cosmological constant
to zero and assuming that inflation rapidly makes any
dark radiation term negligible. The brane tension σ˜
relates the four- and five-dimensional Planck masses
through the relation
σ˜ =
3
32π2
M65
M2P
, (11)
where M5 is the 5D Planck mass. Notice that Eq. (10)
reduces to the usual Friedmann equation at sufficiently
low energies, ρ≪ σ˜, while at very high energies we have
H ∝ ρ. Successful big bang nucleosynthesis (BBN) re-
quires that the change in the expansion rate due to the
new terms in the Friedmann equation be sufficiently small
at scales ∼ O(MeV); this implies M5 & 40 TeV [23]. A
more stringent bound, M5 & 10
5 TeV, is obtained by
4nhighs r
high
s n
low
s r
low
s
p
(p+ 2)N⋆ − 3 p− 2
(p+ 2)N⋆ + p
24 p
(p+ 2)N⋆ + p
2N⋆ − 3
2N⋆ − 1 + p
8 p
2N⋆ − 1 + p
2
2 (N⋆ − 2)
2N⋆ + 1
= 0.959
24
2N⋆ + 1
= 0.20
2N⋆ − 3
2N⋆ + 1
= 0.967
16
2N⋆ + 1
= 0.13
4
3N⋆ − 7
3N⋆ + 2
= 0.951
48
3N⋆ + 2
= 0.26
2N⋆ − 3
2N⋆ + 3
= 0.951
32
2N⋆ + 3
= 0.26
TABLE II: High- and low-energy limits in the RS II braneworld model for the scalar spectral index ns and the tensor-to-scalar
perturbation ratio rs, in the case of a simple monomial inflationary potential of the form V ∝ φ
p. The numerical values are
computed taking N⋆ = 60.
requiring the theory to reduce to Newtonian gravity on
scales larger than 1 mm [13]. For the sake of convenience,
in the following we shall work with a dimensionless brane
tension defined as
σ =
σ˜
m2M2P
. (12)
Since the scalar field is confined to the brane, the con-
servation equation implies that the field satisfies the usual
Klein-Gordon equation,
ϕ¨+ 3H ϕ˙+m2 v′(ϕ) = 0 , (13)
where v(ϕ) is the dimensionless potential defined in
Eq. (6), and the prime denotes the derivative with respect
to the dimensionless field ϕ. The high-energy corrections
provide increased Hubble damping,
H2 ≃ m
2
3
v
[
1 +
v
2 σ
]
, (14)
which makes the evolution of the inflaton slower.
The number of e-folds during the inflationary period is
given in the slow-roll approximation by [13]
N(ϕ) ≃ −
∫ ϕF
ϕ
v
v′
[
1 +
v
2 σ
]
dϕ , (15)
where the subscript F corresponds to the end of inflation.
Braneworld effects at high energies increase the Hubble
rate by a factor v/2 σ, yielding more inflation between
any two values of ϕ for a given potential. The value of ϕ
at the end of inflation can be obtained from the condition
max{ǫ(ϕF ), |η(ϕF )|} = 1 , (16)
where the slow-roll parameters are now defined as
ǫ =
1
2
(
v′
v
)2
1 + v/σ
(1 + v/2 σ)2
, (17)
η =
v′′
v
1
1 + v/2 σ
. (18)
The prediction for the inflationary variables typically
depends on the number of e-folds of inflation occur-
ring after the observable universe leaves the horizon,
N⋆ = N(ϕ⋆). Although a wide variety of assumptions
about N⋆ can be found in the literature, the determina-
tion of this quantity requires a model of the entire his-
tory of the universe. However, while from nucleosynthe-
sis onwards this is now well established, at earlier epochs
there are considerable uncertainties such as the mecha-
nism ending inflation and details of the reheating process.
This issue has been recently reviewed in Refs. [24, 25],
where a model-independent upper bound was derived,
namely N⋆ < 60. In fact, N⋆ = 55 is found to be a
reasonable fiducial value with an uncertainty of about 5
e-folds around that value. However, the authors stress
that there are several ways in which N⋆ could lie out-
side that range, in either direction. Moreover, in the
braneworld context, one expects N⋆ to depend on the
brane tension. Actually, larger values of N⋆ are expected
because, in the high-energy regime, the expansion laws
corresponding to matter and radiation domination are
slower than in the standard cosmology, which implies a
greater change in aH relative to the change in a, there-
fore requiring a larger value of N⋆ . This was confirmed
by the results of Ref. [26], where the bound N⋆ < 75 was
found for brane-inspired cosmology. In what follows we
shall use N⋆ = 60.
In the RSII model, the scalar and tensor perturbation
amplitudes are given by [13, 27]
A2s =
m2
75 π2M2P
v3
v′2
[
1 +
v
2 σ
]3
, (19)
A2t =
m2
150 π2M2P
v
(
1 +
v
2 σ
)
F 2 , (20)
where
F 2 =
[√
1 + x2 − x2 sinh−1
(
1
x
)]−1
, (21)
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FIG. 2: ns as a function of λ˜ and M5 (upper panel) and rs as a function of λ˜ and M5 (lower panel), in the RSII braneworld
model, for the potential of Eq. (3), broken symmetry case. Gray (black) lines indicate small (large) field inflationary solutions
(respectively, cases A and B of Table I). The numbers 10−4 − 102 refer the value of the brane tension σ. The asymmetry
parameter h is fixed at |h| = 1 and we have taken N⋆ = 60. The horizontal dashed lines indicate the observational bounds on
ns and the dot-dashed lines correspond to the upper bound on rs, see Eqs. (32) and (33).
and
x ≡
(
3H2
4πm2 σ
)1/2
=
[
2 v
σ
(
1 +
v
2 σ
)]1/2
. (22)
In the low-energy limit (x ≪ 1), F 2 ≈ 1, whereas
F 2 ≈ 3 v/2 σ in the high-energy limit. The right hand
side of Eqs. (19) and (20) should be evaluated at horizon
crossing, k = aH , where k is the commoving wavenum-
ber, which in terms of the inflaton field, corresponds to
setting ϕ = ϕ⋆.
The mass parameter m can be determined from
Eq. (19),
m = 5
√
3 πMP
v′
v3/2
[
1 +
v
2 σ
]−3/2
Acmbs , (23)
where Acmbs is given by the WMAP amplitude of den-
sity fluctuations A2s ≈ 4.72 × 10−10A with A(k =
0.002 Mpc−1) ∼ 0.8. Notice that while in SC the mass
parameter m is fixed by the other potential parameters,
in BC there is an extra degree of freedom - the brane
tension.
The tensor power spectrum can be parameterized in
terms of the tensor-to-scalar ratio as
rs ≡ 16 A
2
t
A2s
, (24)
where we have chosen the normalization so as to be con-
sistent with the one of Refs. [4, 28], in the low-energy
limit. WMAP3 [4] alone gives rs < 0.55 (with vanishing
running) and rs < 1.5 (with running), both at 95% CL.
However, models with higher values of rs require larger
values of ns and lower amplitude of the scalar fluctua-
tions in order to fit the CMBR data, and these are in
conflict with large scale structure measurements (in the
case of vanishing running3). Hence the strongest over-
3 If running index is allowed the large tensor components are con-
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FIG. 3: As in Fig. 2, but for the case of unbroken symmetry and large-field inflation (case C of Table I). We take |h| = 0.1.
all constraints on the tensor mode contribution comes
from the combination of CMBR and large scale struc-
ture data. The combination of WMAP3 and Sloan Digi-
tal Sky Survey (SDSS) measurements [4] give: rs < 0.28
(without running) and rs < 0.67 (with running), at 95%
CL. If the Lyman-α forest spectrum from SDSS is also
considered, then [10] rs < 0.22 (at 95% CL and without
running).
The spectral tilt for scalar perturbations can be written
in terms of the slow-roll parameters as [13]
ns − 1 ≡ d lnA
2
s
d ln k
= −6 ǫ+ 2 η . (25)
The tensor index
nt ≡ d lnA
2
t
d ln k
(26)
obeys a more complicated equation [29]. However, it can
sistent with the data.
be shown that the consistency relation
nt = −rs
8
(27)
holds independent of the brane tension and, conse-
quently, it has precisely the same form as the one ob-
tained in standard cosmology. This means that perturba-
tions do not contain any extra information as compared
to SC, and, in particular, that they cannot be used to
determine the brane tension: for any value of σ one can
always find a potential that generates the observed spec-
tra [30].
The running of the scalar spectral tilt
αs ≡ dns
d ln k
(28)
can also be written in terms of the slow-roll parameters
for the two limiting cases
αs = 16 ǫ η − 24 ǫ2 − 2 ξ for v/σ ≪ 1 (SC) , (29)
αs = 16 ǫ η − 18 ǫ2 − 2 ξ for v/σ ≫ 1 (BC) , (30)
7where
ξ =
v′ v′′′
v2
1
(1 + v/2 σ)2
(31)
is the “jerk” parameter.
In the following we will analyze the different regimes
(broken/unbroken, small/large field) for the potential
of Eq. (5), in the braneworld context, taking into ac-
count the bounds obtained from the WMAP3 data. For
completeness we will also study the low-energy limit
(v/σ ≪ 1), i.e. the standard cosmology limit. It is also
interesting to consider the limiting cases of the monomial
potentials V ∝ φp, for p = 2 or 4, obtained, for s = 1,
when λ → 0 and λ ≫ 1, respectively. In these cases the
inflationary observables depend only on the number of e-
folds of inflation occurring after the observable universe
leaves the horizon, N⋆. In Table II we show the values of
the scalar spectral index and ratio of tensor-to-scalar per-
turbations, as a function of N⋆, for monomial potentials
of the form V ∝ φp, both in the high- and low-energy
limits of brane cosmology.
We also remark in the models under consideration, the
running αs ∼ 10−4 is very small, and therefore, one can
make use of the observational bounds obtained in the case
of vanishing running. If besides the WMAP3 data we also
take into account the galaxy clustering and supernovae
data, as well as the Lyman-α forest power spectrum data
from SDSS, these bounds are [10]
ns = 0.965± 0.012
(
+0.025
−0.024
)
, (32)
rs < 0.22 (< 0.37 ) . (33)
The error bars are at 1σ (2σ) and the upper bounds at
95% (99.9%) CL. The recent analysis of Kinney et al [6]
is in good agreement with Refs. [9, 10], but shows signifi-
cant inconsistencies with the results of WMAP3 team [4].
Moreover, in their analysis the Harrison-Zel’dovich scale-
invariant spectrum, with no running and no tensor com-
ponent, is consistent with the WMAP3 data alone at 95%
CL. In our numerical analysis and the discussion that fol-
lows we shall use the bounds given in Eqs. (32) and (33).
IV. RESULTS AND DISCUSSION
In this Section we present the predictions for the den-
sity fluctuations in the RSII braneworld context for the
case of the inflationary potential given by Eq. (3).
In Fig. 2 we plot ns as a function of λ˜ and M5 (upper
panel) and rs as a function of λ˜ and M5 (lower panel)
for the broken symmetry case (s = −1). Gray (black)
lines indicate small (large) field inflationary solutions,
which correspond to cases A and B of Table I, respec-
tively. For illustration, the asymmetry parameter |h| is
fixed at |h| = 1. The numbers 0.1 − 100 refer to the
value of the brane tension σ for each curve, and N⋆ = 60
is assumed. Horizontal dashed lines indicate (upper and
lower) observational bounds on ns and dot-dashed lines
the upper bound on rs as given in Eqs. (32) and (33).
We see from Fig. 2 that, in the broken symmetry case,
the new inflationary solutions are favored as compared
with chaotic ones when we take into consideration the
observational bound on rs. In fact, chaotic inflationary
solutions for a quartic polynomial potential, yield larger
values of rs than the new inflationary ones for a given
value of ns. This feature is also present in standard cos-
mology, as first pointed out in Ref. [17]. For comparison,
the SC case is presented in Fig. 4, where we show ns as
a function of the quartic coupling λ˜ and the mass pa-
rameter m (upper panel) and rs as a function of λ˜ and
ns (lower panel), for different values of |h|. Notice also
that the fact that new inflation is favored over chaotic
inflation is even more evident in the high-energy regime
of BC than in the SC limit. This is already apparent
from Table II, for the limiting case of the ϕ2 potential,
since we need higher values of N⋆ to satisfy the rs bound
in BC (N⋆ > 54) than in SC (N⋆ > 36). As expected,
in order to reproduce the CMB density fluctuations, the
value of the quartic coupling λ˜ should be small; we get
the bound λ˜ . 10−13.
In Fig. 3 we show the results for the case of unbro-
ken symmetry, choosing |h| = 0.1, which corresponds
to case C of Table I (case F leads to results that are
similar to case B, see Fig. 2). Remarkably, this type
of solutions will be excluded for rs < 0.2, noticeably
close to the bound given in Eq. (33). Comparing with
the corresponding case in SC (cf. Fig. 5), we see that
the high-energy regime of BC is indeed much more con-
strained by the rs bound. In this case, we get the upper
bound λ˜ . 10−12. This bound, together with the relation
|g˜| = 2 |h| λ˜1/2 and the condition |h| ≤ 1, leads then to
the following bound on the cubic coupling: |g˜| . 10−6.
Let us now briefly comment on the inflaton mass scale
m, which is fixed by the amplitude of the scalar adiabatic
fluctuations, as can be readily seen from Eq. (23). In
the SC case and for small values of |h|, using the e-fold
equation (15) one expects ϕ ∼ O(√N), v(ϕ) ∼ O(N)
and v′(ϕ) ∼ O(√N) at horizon exit. Thus, we obtain
m ≃ 5
√
3 πMP
Acmbs
N⋆
≃ 2× 1013 GeV. (34)
On the other hand, for large values of |h|, one can show
that there is an additional suppression factor O(1/|h|).
In this case, higher values of the asymmetry parameter
|h| would require smaller values of the inflaton mass m
in order to correctly reproduce Acmbs . Such a behavior is
also evident from Figs. 4 and Fig. 5.
In the high-energy BC regime, Eq. (15) suggests the
scaling behavior ϕ ∼ O[(σN)1/4], v(ϕ) ∼ O[(σN)1/2]
and v′(ϕ) ∼ O[(σN)1/4] at horizon exit. Therefore, from
Eqs. (11), (12) and (23) one finds for |h| . 1,
m ≃ (5
√
π Acmbs )
2/3
N
5/6
⋆
M5 ≃ 10−4M5 . (35)
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FIG. 4: ns as a function of λ˜ and m (upper panel) and rs as a function of λ˜ and ns (lower panel), in the SC limit, for the
potential of Eq. (3), broken symmetry case. Gray (black) lines indicate small (large) field inflationary solutions (cases A and
B of Table I, respectively). The numbers 0.1− 100 refer to the value of |h| for each curve and N⋆ = 60 is assumed. Horizontal
dashed lines indicate the observational bounds on ns and the dot-dashed lines correspond to the upper bound on rs, see Eqs.
(32) and (33).
Moreover, as in the SC case, large values of |h| imply
smaller values ofm due to an extra suppression O(1/|h|).
After inflation ceases, the inflaton field starts to oscil-
late near the minimum of the effective potential, gradu-
ally producing a large number of particles, which interact
with each other and come to a state of thermal equilib-
rium at some temperature Treh, the reheating temper-
ature. While we do not wish to commit ourselves to
any specific reheating model, thus keeping our discussion
as general as possible, we can make a rough estimate
of the reheating temperature using the relation between
N⋆ = N(k⋆), the number of e-folds before the end of
inflation when the scale of wavenumber k⋆ crosses the
Hubble radius during inflation, i.e. when k = aH , and
the energy density at the end of the reheating period,
ρreh. Although such a relation crucially depends on the
entire history of the universe, a plausible estimate can be
obtained under simple assumptions about the sequence
of epochs which follow inflation. We also recall that in
the high-energy regime of brane cosmology the expansion
laws during the matter and radiation dominated eras are
slower than in standard cosmology. Nevertheless, the be-
havior of the densities is unchanged with respect to the
scale factor.
Using the slow-roll approximation during inflation one
can write [24]
N⋆ = ln
k−1⋆
3000 h−1Mpc
+
1
12
ln
ρreh
ρend
+
1
4
ln
ρeq
ρend
+ ln
H⋆
Heq
+ ln 219Ωm h , (36)
where Heq and H⋆ = H(k⋆) are the values of the Hubble
radius at the matter-radiation equality epoch and at the
scale k⋆, respectively; ρend and ρeq are the values of the
energy density at the end of inflation and at equilibrium;
Ωm is the fractional matter energy density at present.
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FIG. 5: As for Fig. 4 but for the case of unbroken symmetry, large-field inflation (black and gray lines correspond to cases C
and F of Table I, respectively).
We have
Heq = 5.25× 106h3Ω2mH0 , (37)
H0 = 8.77× 10−61hMP , (38)
ρreh =
π2
30
g∗ T
4
reh , (39)
where H0 is the present Hubble radius and g∗ ≃ O(102)
is the effective number of relativistic degrees of freedom.
The CMBR anisotropy measured by WMAP allows a
determination of the fluctuation amplitude at the scale
k = 0.002 Mpc−1 and we use the WMAP3 central values
h = 0.73, Ωmh
2 = 0.127 [4].
We find that, for an inflationary period driven by the
power-law potential of Eq. (3), the relation
T SCreh ≃ (107 − 108)× e3(N⋆−55) GeV , (40)
provides a good fit to our numerical results in the SC
limit, as we allow N⋆ to vary in the expected range 55 ≤
N⋆ ≤ 70 (see discussion in Section III). Similarly, in the
high-energy regime of BC we get
TBCreh ∼ 102
M5
MP
T SCreh , (41)
which is valid for M5 . 10
−2MP ≈ 1016 GeV. For larger
values of M5, M5 > 10
16 GeV, one has TBCreh ≃ T SCreh . We
also remark that the variation of Treh as a function of the
density fluctuation parameters ns and rs is mild in both
the SC and BC regimes.
V. CONCLUSIONS
In this paper we have explored inflationary solutions
for a single-field polynomial potential, with up to quartic
terms in the inflaton field, in light of the results from the
WMAP three-year sky survey. Our analysis is done in the
framework of the Randall-Sundrum II braneworld theory,
and we have examined both the high-energy and stan-
dard cosmology regimes. As in the case of SC, the model
displays large-field and small-field inflationary type solu-
tions compatible with the observational data.
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For a potential with a negative mass square term, cases
A and B of Table I, we conclude that small-field inflation
is in general favored by current bounds on rs. We also get
the bound λ˜ . 10−13 on the quartic coupling of the infla-
ton potential. The case with positive mass square term
and |h| ≤ 1 (large-field solutions), which corresponds to
case C of Table I, is also very much constrained by the
rs bound and, in particular, this type of solutions will be
excluded if, as expected, rs < 0.2. In this case we get the
following bounds on the parameters of the inflationary
potential: λ˜ . 10−12 and |g˜| . 10−6.
We have also made an estimate of the reheating tem-
perature for this model and we have found that, for
M5 > 10
16 GeV and N⋆ ≤ 60, one has TBCreh ≃ T SCreh .
1013 − 1014 GeV, whereas for M5 < 1016 GeV, one gets
the relation TBCreh ∼ 102 T SCrehM5/MP . At this point, it
is worth noting that in supergravity models the presence
of the gravitino could lead to serious cosmological prob-
lems unless the reheating temperature is sufficiently low.
In particular, in gravity-mediated supersymmetry break-
ing models, the gravitino mass is expected in the range
m3/2 ∼ O(102−4) GeV. Such a gravitino is most likely
unstable and its decays could destroy the light elements
synthesized during BBN. On the other hand, in gauge-
mediated supersymmetry breaking models, the gravitino
can be the lightest supersymmetric particle, and thus
stable, with a mass m3/2 . O(10) GeV. In this case, its
contribution to the present cosmic density can be exces-
sive. In either case, this leads to stringent constraints
on Treh after inflation [31]. In the braneworld scenario,
one expects such bounds to translate into additional con-
straints on the 5D fundamental Planck mass M5.
Finally, let us comment on the running of the scalar
index αs. One should notice that it is not possible to ob-
tain large values for αs, either in SC or the high-energy
BC scenarios, for polynomial potentials of the form given
in Eq. (3). However, this is still consistent with observa-
tion, since the evidence for running is still weak and it
can evaporate as more data becomes available. In fact,
the addition of Lyman-α forest data reduces the need
for a negative value of αs [8, 9, 10]. Recently Easther
& Peiris [32] have analyzed the implications of a large
running spectral index for single-field slow-roll inflation
in SC, using the inflationary flow equations [33, 34] and
retaining all terms in αs up to quadratic order in the
slow-roll parameters. They found that, for all parameter
choices consistent with a large negative running, infla-
tion lasts less than 30 e-folds after CMBR scales leave
the horizon. They concluded that a definitive observa-
tion of a large negative running would imply that infla-
tionary stage requires multiple fields or the breakdown of
slow-roll. The underlying conclusions of their work can
presumably be carried over to the BC case, as the flow
equations are quite insensitive to the expansion dynam-
ics [35]. However, one should notice, as shown in [34],
that the flow equation approach does not directly in-
corporate inflationary dynamics. In fact, one can deter-
mine analytically the set of inflationary potentials which
correspond to solutions of the truncated flow equations.
Hence, conclusions obtained from an analysis based on
the flow equations should be considered with some care,
since it is certainly possible to find potential shapes that
are not represented by the set of inflationary potentials
for which the formalism is valid. An example of a model
where it is possible to obtain a considerably large running
was explored in Ref. [36].
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